Several behavioral studies of large, gregarious, and sexually dimorphic macropods have shown that males form dominance hierarchies and large males have the highest reproductive success. The bridled nailtail wallaby (Onychogalea fraenata) is a smaller and strongly sexually dimorphic macropod, but is also highly solitary and males do not form dominance hierarchies that are maintained temporally or spatially. Genetic studies of paternity have shown that large males are the most reproductively successful and only one-quarter of males sire offspring at any one time. The aim of this study was to investigate the tactics that males adopt to secure access to females at the time of estrus and to investigate whether females can influence which males have access to them. This study was conducted using 2 wild, free-ranging populations of bridled nailtail wallabies. Females in estrus were located and observed, and the total number of males present, the relative weight rank of each male, and interactions between individuals were recorded. Females showed a preference for large males and incited male-male competition when the group of males present was large. Unlike other dimorphic macropods, fights among males were rare and were restricted to males of similar size. Large males gained access to females by guarding and following them closely and threatening other males who attempted to gain access. Smaller males spent less time with females, suggesting that small males may leave multimale groups in an attempt to locate unguarded females. Given the solitary nature of this species and the lack of a stable dominance hierarchy to influence male reproductive success, mate searching and mate guarding may be important male reproductive tactics in this species.
Mammals typically display polygynous mating systems in which males compete for access to mates and maximize their reproductive fitness by mating with multiple females (CluttonBrock 1989; Emlen and Oring 1977) . Males assert their dominance through aggressive displays and physical conflict and large, older males are more reproductively successful. These dominance hierarchies often result in high variance in reproductive success, with a few large males gaining access to the majority of females (Clutton-Brock 1989) . In solitary mammals, however, estrous females may be scattered in time and space, therefore reducing the ability of a single male to monopolize females (Emlen and Oring 1977) . In these cases direct male combat often takes 2nd place to competitive mate searching, a strategy that has been described as scramblecompetition polygyny (Schwagmeyer 1988; Schwagmeyer and Woontner 1986) .
Macropods (kangaroos, wallabies, and rat-kangaroos) are similar to other mammals in that they typically exhibit polygynous mating systems in which males compete for access to mates and many females mate with more than 1 male during an estrous period (Clutton-Brock 1989; Croft 1989; Jarman 1991; Jarman and Coulson 1989) . The larger macropods show varying degrees of sociality and are usually strongly sexually dimorphic; males may be twice the size of females. The mating systems of several gregarious, sexually dimorphic macropod species have been well studied (e.g. Macropus rufus-Croft 1981; M. giganteus-Jarman and Southwell 1986; M. rufogriseus -Johnson 1989; M. parryi-Kaufmann 1974; and M. eugenii-Rudd 1994) . These species exhibit a polygynous mating system where males form stable dominance hierarchies that are usually maintained spatially and temporally. Males fight to establish their dominance; larger males typically win fighting bouts and the dominant male within a group gains access to, and secures matings with, more females than do subordinate males. Female macropods can also influence male reproductive success by exercising choice, mating with multiple males, and inciting male-male competition (Radford et al. 1998; Walker 1995) .
Less is known about the social or reproductive behavior of the smaller macropod species (Croft 1989; Jarman 1991) . Small to medium-sized species within this family are usually solitary, sexually monomorphic, and nocturnal. In solitary macropod species, males and females typically only associate when breeding, although a male may routinely check the females within his home range, spending more time with a female that is approaching estrus (Frederick and Johnson 1996; Jarman 1991) . Little is known about the reproductive strategies of small, monomorphic species but they may include serial monogamy, unimale polygyny, and promiscuity (Jarman 1991) .
The bridled nailtail wallaby (Onychogalea fraenata) is a medium-sized and highly solitary macropod. Females breed asynchronously and continuously all year-round (Johnson 1997) and come into estrus unpredictably in time and space. Consequently, males do not interact or form dominance hierarchies that are maintained over time or in the absence of an estrous female (Fisher and Lara 1999) . The mating system of this species can be described as scramble-competition polygyny; male home ranges are more than twice the size of those of females (Fisher 2000) and males with larger home ranges associate with more estrous females (Fisher and Lara 1999) . Several males will locate and follow an estrous female for several days in an attempt to mate with her and females may mate with more than 1 male during estrus, which can last for more than 1 week (Fisher and Lara 1999; Johnson 1997) .
This species is unusual in that it exhibits a high degree of sexual dimorphism more typical of the larger macropods; males (5-8 kg) may be twice the size of females (3-5 kg). There is a strong correlation between male age and weight in this species (Fisher and Lara 1999; Sigg et al. 2005) , which is typical in dimorphic macropods (Jarman 1989) . The bridled nailtail wallaby is one of the few macropods for which genetic paternity has been assessed in the wild (see also Spencer et al. 1998) . Large males have a higher priority of access to females and sire more offspring, and there is a moderate degree of reproductive skew (Fisher and Lara 1999; Sigg et al. 2005) .
The aim of the present study was to characterize mating tactics of bridled nailtail wallabies at the time of estrus in order to further understand the patterns of paternity already reported for this species (Fisher and Lara 1999; Sigg et al. 2005) . The objectives of this study were to investigate tactics that males adopt to gain access to estrous females once they have been located and determine how large males ensure paternity of offspring; and to investigate whether females show preferences for certain males and whether they can influence which males have access to them.
MATERIALS AND METHODS
Study populations.-The bridled nailtail wallaby was once widespread throughout eastern Australia but was reduced to a single remnant population that is now under protection at Taunton National Park (Scientific) (238339S, 1498139E) in central Queensland. A freeranging translocated population was established in 1996 at Idalia National Park (248539S, 1448469E) in Queensland as part of the recovery program for this species. The study was carried out from March 1997 to June 2000 using both populations of bridled nailtail wallabies. Data were collected from the Taunton population throughout the study period (11 field trips, 4-6 weeks each), and from the Idalia population between March 1999 and June 2000 (5 field trips). Data from the 2 populations were pooled for the purpose of this study to increase overall sample sizes. Animal trapping and behavioral observations occurred at night because the bridled nailtail wallaby is a nocturnal macropod, sheltering in dense vegetation during the day (Evans 1992) . All aspects of this study were covered by a Queensland Environmental Protection Agency Scientific Purposes Permit and had clearance from the University of Queensland Animal Experimentation Ethics Committee. Animal capture and handling procedures carried out in this study conformed to guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Animal trapping.-Wallabies were trapped during each field trip as described in Sigg et al. (2005) . Adults were given a passive integrated transponder (Destron, South St. Paul, Minnesota) and a reflective ear tag with a unique color-coded combination (Reflex Promotions, Victoria, Australia) for identification. All adults were weighed the 1st time they were trapped during each field trip and females were checked for the presence of a pouch young. Pouch young had a single hind foot measured and their age was calculated from this according to the method described by Hendrikz and Johnson (1999) . Thirty-two adults within the Taunton population were fitted with radiocollars (Sirtrack, Havelock North, New Zealand) that weighed ;30 g and had a battery life of ;20 months. As part of another study to monitor the success of the translocation at Idalia (Pople et al. 2001) , 21 animals from that population were already fitted with radiocollars. The majority of radiocollars were removed from animals within both populations at the completion of the present study.
Behavioral observations.-Females typically come into estrus when their current young is between 80 and 92 days old, and give birth 1 day after that young emerges permanently from the pouch at 119-126 days (Hendrikz and Johnson 1999; Johnson 1997) . Estrous periods were confirmed where possible by calculating the birth date of subsequent pouch young or the age of current pouch young. Animals were considered to be associated if they were within 25 m of each other, after Fisher and Lara (1999) . Because bridled nailtail wallabies are solitary and only interact to breed (Fisher and Lara 1999; Johnson 1997 ), a female was considered to be in estrus if she was associating with 1 or more males. Occasionally, a male would locate a female during the course of his normal nighttime activities and would sniff her pouch and urogenital opening in an attempt to determine if the female was in estrus (Johnson 1989) . Nonestrous females were often intolerant of this attention and would lie flat on the ground or hop away rapidly. In cases where the male moved on soon after this encounter it was assumed that the female was not in estrus and these observations were excluded from the data set. Observations of females in the absence of any males were excluded from these analyses.
Associations of animals comprising an estrous female and 1 or more males (hereafter referred to as a mating group) were located at night by using a spotlight from the back of a vehicle. In addition to this, radiocollared animals were located using radiotelemetry every 1-3 nights. An attempt was made each night to observe radiocollared females known to be approaching estrus (based on the age of their current pouch young, as described above). Observations at night using a spotlight were necessary because this species is strictly nocturnal and reflective, colored ear tags could be identified only in this way. Previous studies have shown that bridled nailtail wallabies are generally tolerant of being observed in this manner and do not appear to identify a vehicle as a threat, as they do an observer on foot (Evans 1992; Fisher and Lara 1999) .
Spotlighting was carried out for 2-8 h a night on 10-20 days each field trip. When a mating group was located, tagged individuals were identified using binoculars and the number of males present was recorded. Males were assigned a relative weight rank, with the biggest male in the mating group given a large ranking and other males assigned as large, medium, or small in relation to that male. Males present alone with a female (i.e., those in a single-male mating group) were not assigned a weight rank. Animals that were similar in size were given the same rank. An absolute weight was subsequently noted for tagged males that had been caught within 6 months of an observation. Mating groups were observed until they moved out of sight and all interactions were recorded. The arrival and departure of any males was recorded, along with the time each male was present within the mating group.
The following behaviors were recorded for males (after Croft 1981; Ganslosser 1989; Walker 1995) : Guarding: standing within 3 m of the female; following close: following a female within 5 m when she moved; approaching: approaching a female to a distance of ,5 m; pouch sniffing: sniffing the pouch and urogenital area of the female; chasing away: hopping directly at another male; posturing: standing upright with forelimbs outstretched, often swaying from side to side while staring at another male; fighting: boxing with forelimbs, wrestling, kicking, or a combination of these; and grass-pulling: grasping vegetation (grass or other plant material) with forelimbs and pressing it against chest area, or rubbing chest on vegetation. Grass-pulling is an aggressive threat display used in agonistic interactions between males (Croft 1981; Ganslosser 1989) . Chasing away, posturing, and grasspulling behaviors were rare and were subsequently grouped into a single category defined as threat behaviors. Three behaviors were recorded for females: Approach response: response to a male's approach, recorded as either accept (no movement away from male) or reject (movement away from male, sometimes preceded by lunging at male); approaching: approaching a male to a distance of ,5 m; and mate chase: female hopping at high speed in wide circles, followed by several males.
Statistical analyses.-All behaviors except for guarding were recorded as counts and later converted to rates per hour for each individual. The total amount of time a male spent guarding the female also was recorded. Female approaches and approach responses were infrequent and were subsequently converted to binomial data for analysis (i.e., as either occurring or not). For the approach response behavior, the female's response to a male the 1st time he approached her was used when converting these data to a binomial variable.
Generalized linear models (GLMs) were used to determine which factors best explained male and female behavior within a mating group when 2 or more males were present. As described above, female behaviors were converted to binomial response variables; thus GLMs with binomial error distributions were used to analyze these data. GLMs with binomial errors also were used to analyze factors that predicted whether a male guarded the female and whether a male was present in the mating group for the whole observation period (hereafter referred to as persistence in group). Rates of male behaviors were recorded as counts and were analyzed using GLMs with Poisson error distributions. Observation time was included as a predictor variable in all models to control for the amount of time each mating group was observed.
An information-theoretic approach (Akaike's information criteria [AIC]) was used to determine the most parsimonious model for each response variable considered (Burnham and Anderson 2002) . This enabled the entire set of models to be compared simultaneously by ranking the relative likelihood of competing models. In all analyses, calculations of AIC were corrected for sample size (converted to AICc) because the number of observations/number of parameters was ,40 (Burnham and Anderson 2002) . When there was evidence of overdispersion in the data, AICc was adjusted by the overdispersion factor,ĉ, in order to yield QAICc (Burnham and Anderson 2002) . Akaike weights (w i ) were calculated to determine the relative support for each plausible model. Models are assigned a weight between 0 and 1, and all w i add to 1. A higher w i indicates greater support, and the relative likelihood of one model can be compared to that of another by calculating w i /w j (Burnham and Anderson 2002) .
Variables considered as predictors of male and female mating behavior were male relative weight rank, absolute male weight, number of males in the mating group (for observations where 1 or more males entered or left the mating group, the maximum number of males was used), and group stability (whether or not a male entered or left the mating group). When analyzing factors that predicted whether a male persisted in a mating group, group stability was necessarily removed as a predictor variable as it was not independent of the response variable. Factors that predicted mate chases were considered at the level of the mating group rather than the individual male; therefore, weights and relative ranks of individual males were not included in the analysis.
In a small number of cases, a female was observed on more than 1 occasion during her estrous period. For all analyses, observations of the same female were considered to be separate if they occurred on different days and the composition of males associating with her had changed. A preliminary analysis of the data set in which repeat observations of the same female were removed showed no difference in the overall results, and thus it was assumed that repeated observations had little influence when considering factors that affected mating behavior.
Where male weight could be determined from trapping data, the relative weight rank was compared to the absolute weight of males to determine the efficacy of assigning a rank to males within each mating group. Mating groups with a single male were excluded from this analysis. Weight was not normally distributed among males seen with an estrous female; therefore a Kruskal-Wallis analysis of variance (ANOVA) by ranks was used to test for differences in absolute weights among males of different relative ranks.
Generalized linear models were performed in R 1.8.0 (R Development Core Team 2004) and all other analyses were carried out in STATISTICA 6.0 (StatSoft Inc., Tulsa, Oklahoma). Where appropriate, results are presented as means 6 1 SE.
RESULTS
Observations of mating behavior.-In total, 99 mating groups comprising a female and 1 or more males were observed during this study, involving 72 females and 181 males. Observation periods lasted between 10 and 145 min ( " X ¼ 30 min). Of the 72 estrous females observed, 58 (80.6%) were seen only once during an estrous period. The remaining 14 females were observed for 2-4 days and the number of days from the 1st to last day of observation ranged from 2 to 7 ( " X 6 SE ¼ 3.93 6 0.44 days). The estrous female associated with a single male in nearly one-half (44.4%) of all observations; for 55.6% of observations the female associated with 2-6 males. The average number of males per mating group was 1.93 6 0.11.
On average, 57.4% of males observed with an estrous female were tagged and could be identified and all of these males had been trapped and weighed within 6 months of being observed. For males of known weight, relative rank was a good indicator of actual size: median weights were 7,300 g for large males (middle 2 quartiles: 6,650-7,700 g), 5,450 g for medium males (4,850-6,500 g), and 4,100 g for small males (3,450-4,300 g). These differences in absolute weight among males assigned different weight ranks within multimale mating groups were highly significant (Kruskal-Wallis ANOVA, H ¼ 33.55, n ¼ 80, P , 0.0001).
For analyses of factors that predicted mating behavior of males and females, both weight rank and absolute weight were initially considered when generating models on a subset of the data that only included males of known weight. For all response variables considered, relative weight rank was a better predictor than absolute weight, with Akaike weights of 0.7-1.0. Thus, all analyses presented below were carried out using relative weight rank as an indicator of male size rather than absolute weight. This enabled the use of the entire data set, including untagged males for which there was no measure of absolute weight.
Male tactics.-Male relative weight rank was an important predictor of all male behaviors observed (Table 1) . In all cases, models without rank had little support and, in particular, models with number of males or group stability alone usually had no support (w i ¼ 0). A model that included relative weight rank as well as time (to control for differences in observation time) was the best predictor of whether a male persisted in a mating group or guarded a female. The proportion of males that persisted in a mating group decreased gradually with a decrease in rank (Fig. 1a) . A sharp difference was found in the proportions of males of different ranks that were observed to guard females, with relatively large males being nearly 10 times more likely to guard a female than relatively small or medium males (Fig. 1b) . Males that guarded a female also did so for longer if they were ranked large; relatively large guarding males spent, on average, 63.2% 6 4.6% (n ¼ 31) of their time guarding a female, whereas relatively small and medium guarding males only spent 16.8% 6 4.6% (n ¼ 5) of their time guarding. This difference was highly significant (2-sample t-test: t ¼ 3.92, d.f. ¼ 0.05, 34, P , 0.001).
Rates of following a female closely when she moved, threat behaviors, and approaching the female were best explained by models that included both relative weight rank and group stability (Table 1) . In all cases, removing either rank or stability from the model reduced support to close to zero. However, the direction of the responses varied among the 3 behaviors. Largeranked males showed much higher rates of following a female closely and threat behaviors towards other males than did either small-or medium-ranked males (Fig. 2) . The rate of approaches toward the female, on the other hand, increased as relative weight rank decreased (Fig. 2) . Rates of following closely and threat behaviors were higher among males present in stable mating groups compared to unstable mating groups (Table 2) . In contrast, males were more likely to approach the female in unstable mating groups than in stable mating groups ( Table 2) .
The rate at which males sniffed a female's pouch was best predicted by a model that included relative weight rank as well as the number of males present in the mating group (Table 1) . Large-ranked males were more likely to sniff the pouch of an estrous female than either medium or smaller males (Fig. 2) and the rate of pouch sniffs decreased with increasing group size (Fig. 3) .
Fighting bouts between males were rare, only being observed 6 times during the study. Fighting was recorded between 2 equally large-ranked males in 2 cases, between 2 equally medium-ranked males in 3 cases, and between a medium-and a small-ranked male in 1 case. Equally ranked males were present in 17 of the 99 mating groups, and fighting was significantly more likely to occur among these males than in mating groups of males with different ranks (chi-square test:
Female tactics.-Male relative weight rank and group stability were the best predictors of whether a female accepted the approach of a male. A model that included both these factors had the greatest support; removing male rank from the best model removed all support (w i was reduced to zero), whereas removing stability reduced support for the best model by 54% (Table 3) . Females almost always accepted approaching males if they were relatively large, whereas ,45% of relatively medium or small males were accepted (Fig. 4) . A small difference was found in the acceptance rates of male approaches between stable and unstable mating groups; females accepted 75.0% of males that approached them if the mating group was stable, compared to 70.3% of males in unstable mating groups (n ¼ 28 and 37, respectively).
Females infrequently approached a male within a mating group, only doing so in 14 of the 99 mating groups observed in this study. After controlling for observation time, none of the factors considered were clear predictors of whether a female would approach a male within a multimale mating group (Table 3) .
Mate chases also were rare, being observed just 9 times during this study. Analysis of factors that predicted mate chases, using both data from single-male and multimale mating groups, showed that the number of males present in the mating group best explained whether a female would engage in a mate chase (Table 3) . Females were more likely to engage in mate chases if a large number of males were present in the mating group. Mate chases were observed in all 3 mating groups that consisted of 5 or 6 males and in 29% of groups that consisted of 3 or 4 males (n ¼ 21), whereas no female engaged in a mate chase if she was with only 1 or 2 males (n ¼ 75). Mate chases were characterized by males dashing around at high speed, with FIG. 2.-Mean frequencies (6SE) of male behaviors toward estrous females and other males within mating groups according to male relative weight rank. Threat behaviors were performed toward other males and included chasing away, grass pulling, and posturing. Interactions with females included following females closely when they moved, approaching females to within 5 m, and sniffing their pouch. Sample sizes as for Fig. 1.   FIG. 1.-a) Proportions of males that persisted in mating groups during observations and b) proportions of males that guarded females, according to whether they were assigned large, medium, or small body weight ranks. n ¼ 57 large males, 63 medium males, and 16 small males. Single-male groups were excluded. the largest male usually alternating between chasing after the female and lunging at other males within the mating group in an apparent effort to chase them away.
Copulation.-Six matings were witnessed during the study, each time involving a different female, and in all cases no other males were present with the copulating pair. In 2 cases 1 or more males were initially present with the female but left the mating group, after which the remaining male mounted the female. Four of the 6 males had been tagged, and they weighed 7,150, 7,350, 7,700, and 8,550 g ( " X ¼ 7,688 6 309 g). Intromission was terminated by the female in 3 cases, by the male in 1 case, and by the arrival of a 2nd male in another case. In the 6th case it was unclear which animal terminated mating.
DISCUSSION
In many ways, the mating system of the bridled nailtail wallaby is typical of previously studied species of sexually dimorphic, polygynous macropods; larger males have greater access to, and successfully guard, females, thereby preventing them from interacting with smaller males (Croft 1989; Jarman 1991; Jarman and Southwell 1986; Johnson 1989) . The most noticeable differences between the mating system of this species and the more commonly studied gregarious macropods is the highly solitary nature of the bridled nailtail wallaby which promotes competitive mate searching and guarding as important male tactics (Fisher and Lara 1999; Schwagmeyer 1988; Sherman 1989) . This type of scramble-competition polygyny has 2 important consequences: 1st, large males are not able to monopolize access to all estrous females within their home range (Fisher and Lara 1999) ; and 2nd, searching for females should be a more important tactic for males than forming stable dominance hierarchies (Clutton-Brock 1989; Croft 1989; Jarman 1991) .
In sexually dimorphic, gregarious macropods, dominance hierarchies are established and maintained within a group as a long-term reproductive tactic. Dominance is associated with size and the outcome of fighting bouts that occur in many situations and are not limited to the context of sexual interactions (Jarman and Southwell 1986; Le Boeuf 1974) . The bridled nailtail wallaby is a highly solitary species; males spend the majority of their time alone and do not interact with other males   FIG. 4. -Proportions of females that accepted approaches by males of large (n ¼ 39), medium (n ¼ 18), or small (n ¼ 8) body-size ranks. TABLE 3.-Generalized linear models of factors predicting female courtship behaviors. Abbreviations: n, number of observations used in each analysis; np, number of parameters; AICc, Akaike's information criterion corrected for sample size; ÁAICc, change in support compared to the best model; w i , Akaike weights. The most parsimonious models describing each behavior are in bold. For simplicity, models presented are a subset of all the models tested. Higher-order models (those with 2 or more variables, excluding time) that had a w i , 0.1 are not shown. 52, 45, 28, 5, and 6 males, respectively. in the absence of an estrous female (Fisher and Lara 1999) . Stable dominance hierarchies are therefore not maintained outside the temporally limited context of sexual interactions and may be too costly to establish through fighting bouts each time an estrous female is located. In the present study, fights between males were rare and were restricted to equal-sized males in all but 1 case, suggesting that establishing dominance through fighting is limited to situations where dominance, as indicated by size, is inconclusive.
Male mating tactics.-Large-ranked males gained access to estrous females and maximized their chance of siring offspring by spending more time with females, guarding them, and following them closely when they moved. Guarding behavior is a typical technique used by male mammals to ensure paternity and prevent access to a female by other, smaller males (Clutton-Brock 1989; Haley et al. 1994; Le Boeuf 1974; Poole 1989) . Large-ranked males also were more often seen sniffing the female's pouch. In macropods, this helps establish whether a female is in estrus (Johnson 1989) ; however, in the context of courtship behavior when reproductive status has already been established it may also serve to reinforce the association between the male and female. Large-ranked bridled nailtail wallabies prevented other males from gaining access to females by using threatening displays such as grass-pulling and posturing, and by chasing away other males. These threat behaviors have been observed in several gregarious macropods including gray kangaroos, red kangaroos, red-necked wallabies, and whiptail wallabies (Croft 1981; Jarman and Southwell 1986; Johnson 1989; Kaufmann 1974) .
Mating group characteristics also influenced males' behavior with estrous females. In unstable mating groups, individual males were less likely to threaten other males or have access to the female and, in fact, spent more time attempting to gain access. The frequency of pouch sniffs also decreased as group size increased. In large or unstable mating groups, a single male may be less able to maintain sole access to the female, thereby giving smaller males an opportunity to approach the female.
In many macropods, copulation attempts are often interrupted by other males (Johnson 1989; Rudd 1994; Walker 1995) ; however, all copulations observed in this study occurred in the absence of other males, which is consistent with a previous study of this species (Fisher and Lara 1999) . Males that successfully mated were all large, weighing more than 7,000 g. These data further support the hypothesis that large males successfully guard females from other males and are the most successful breeders (Fisher and Lara 1999; Sigg et al. 2005) .
However, paternity analysis in this species has established that reproductive success is only moderately skewed toward large males (Fisher and Lara 1999; Sigg et al. 2005) . The unpredictable distribution of estrous females, both in time and space, may result in a lower variance in male reproductive success because males are unable to monopolize access to all females (as is the case for aquatically mating harbor seals [Phoca vitulina]- Coltman et al. 1998) . Paternity analysis of translocated bridled nailtail wallabies carried out in a concurrent study (Sigg et al. 2005) revealed that males were 6 times more likely to sire an offspring if they were over a threshold weight of 5,800 g; however, males were observed to sire offspring when as small as 3,300 g, which is approximately the size at which males reach sexual maturity (Fisher and Lara 1999; Johnson 1997) . In the present study, the largest-ranked males within a mating group had a median weight of 7,300 g, whereas medium-ranked males had a median weight of 5,450 g. Largeranked males gained access to females by guarding them and intimidating other males, but lower-ranked, smaller males were clearly still able to sire offspring.
Small-and medium-ranked males had little opportunity to guard females and did so only for short periods compared to large-ranked males. Instead, smaller males spent more time attempting to gain access to females, approaching them more often from a distance. Males with lower weight ranks also were less likely to persist in mating groups compared to the largest males that usually guarded females. Lower-ranked males could not gain access to estrous females and may therefore have left mating groups in an attempt to find other estrous females that were not being guarded by larger males. The average home range of male bridled nailtail wallabies is twice the size of the home range of females, and males with larger home ranges associate with more females and sire more offspring (Fisher and Lara 1999) . However, male home-range size is not related to body weight; therefore smaller males may maximize their chance of locating solitary estrous females by leaving a mating group and ranging widely, as is the case for northern elephant seals (Mirounga angustirostris-Le Boeuf 1974). Although up to 6 males were observed with a single female, nearly one-half of the estrous females were seen with just a single male. It is possible that smaller male bridled nailtail wallabies are sometimes able to monopolize unguarded females and successfully mate with them, but further studies are required in which individual females can be observed throughout their entire estrous periods to confirm this.
Female mating tactics.-Females can influence the paternity of their offspring in many ways, including mating with multiple males, terminating copulation bouts, mating with preferred males when they are most likely to conceive, controlling the duration of mating with different males, and manipulating sperm within the reproductive tract (Balmford et al. 1992a; Rolland et al. 2003; Rudd 1994; Walker 1995) . In polygynous mating systems in which males compete for access to mates, female choice may be constrained but nevertheless can still occur and influence male reproductive success (Balmford et al. 1992a; Cox and Le Boeuf 1977) . In this study, female bridled nailtail wallabies displayed preferences for larger males, appeared to incite male-male competition, and terminated copulation bouts.
Lower-ranked males were more likely to approach a female in an attempt to gain access to her; however, females were more likely to reject these males than large-ranked males. Females may have been showing preferences for larger males, but may also have been attempting to avoid harassment by smaller males. Female preferences for larger or better-quality males have been documented in other mammals including red deer (Cervus elaphus-Clutton-Brock et al. 1988), African elephants (Loxodonta africana-Moss 1983), topi and puku (Damaliscus lunatus and Kobus vardoni, respectively- Balmford et al. 1992b) , as well as in macropods such as gray kangaroos (Walker 1995) and red-necked pademelons (Thylogale thetis- Radford et al. 1998 ).
Females also can influence which males have access to them by inciting male competition (Byers et al. 1994; Cox and Le Boeuf 1977; Poole 1989) , and in macropods this often takes the form of mate chases (Coulson 1997; Johnson 1989; Rudd 1994; Walker 1995) . In the present study, females were more likely to engage in mate chases when with a large number of males. The number of males present in the mating group did not increase as a result of mate chases, suggesting females were not attempting to attract the attention of other males (Fisher and Lara 1999; Moss 1983 ), but rather were inciting competition by destabilizing the mating group of males already present. In one instance a female engaged in a mate chase as a result of a new large male entering the mating group, who subsequently supplanted the previous largest male and began guarding the female.
Conclusion.-Reproductive strategies among the large, gregarious, and sexually dimorphic macropods have been well studied both in the wild and in captivity (Croft 1981; Jarman and Southwell 1986; Johnson 1989; Kaufmann 1974; Rudd 1994) . However, to date, behavioral estimates of male reproductive success have been compared with genetic paternity analysis only in captive populations of red-necked (Watson et al. 1992 ) and tammar (Ewen et al. 1993) wallabies, and no such study has been conducted in the wild. The mating systems of smaller, solitary species are even less well understood (Croft 1989; Jarman 1991) . Thus, the results of this study further the understanding of macropod mating systems in general, and in particular, increase the understanding of patterns of reproductive success already documented in this species through genetic paternity analysis (Fisher and Lara 1999; Sigg et al. 2005) .
